SELENIUM OCCURS IN rocks and soils all over the world, e.g., America, Canada, Ireland, Germany. Central Asia, South Africa and Australia, but in quantities of less than 005 per cent., which cannot economically be recovered from the earth directly. There are no true deposits of selenium anywhere.
It does, however, occur together with tellurium in the sediments and sludges left from electrolytic copper refining, and the chief world supplies are from the copper refining industries of Canada and Rhodesia, where the slimes contain up to 15 per cent, selenium. Canada produces 70 per cent, of the Commonwealth selenium and the United Kingdom, which imports about 85 tons per year, is the largest importer of selenium.
Uses in Industry
The electrical and electronic industries have become the major users of selenium in recent years, and 99 per cent, of the selenium they use goes into metal plate rectifiers, the remainder into photo-electric cells. Other users of selenium are the glass and paint industries. In the glass industry it has two uses. Decolorizing has to be done because the bulk of the sand used in this industry contains traces of iron, which give a faint green colour to the resulting glass. If, however, minute quantities of selenium of the order of i to 2 oz. -per ton are added they will turn this poor green glass into a bright clear glass that is used, for example, in milk and medicine bottles. The second use in the glass industry is to make the red or ruby glasses used in reflectors and red signal lights. Here the amount used is larger, from 2 to 20 lb. of selenium per ton.
In the paint industry orange and red pigments are made by combining yellow cadmium sulphide with selenium in the proportion of 10 per cent, selenium to 90 per cent, cadmium in the orange pigments, and up to 40 per cent, of selenium in the maroons. These pigments can be heated to higher temperatures than organic dyes and are used in the plastic and cellulose paint industries. But to return to rectifiers. These consist of a steel or aluminium plate coated on one side with selenium which is over-sprayed with a counterelectrode of low-melting-point metal alloy. This allows current to pass in one direction but offers a high resistance to current returning in the opposite direction, hence a uni-directional current is produced, or, in other words, alternating current is rectified to direct current. 
Chemistry
Selenium is an element, and was first discovered by Berzelius and Gahn in 1817 whilst examining the sediment from a sulphuric acid plant in Gripsholm, Sweden.
It belongs to the same group of elements as oxygen, sulphur and tellurium. It resembles sulphur very closely in many ways, because it exists in several allotropes:
1. A red amorphous powder, analogous to the yellow flowers of sulphur, 2. The vitreous form, similar to plastic sulphur, 3. Monoclinic red crystals allied to the monoclinic sulphur. These elemental forms of selenium are probably completely harmless to man, passing through the stomach and intestines of dogs unchanged (Woodruff and Gies, 1902) .
Its compounds, however, are dangerous and again resemble those of sulphur. Selenium dioxide, which is the most important of these in industry, is a white crystalline powder which forms selenious acid in contact with water or sweat and this is about as irritating as sulphur dioxide and sulphurous acid. Compounds are readily absorbed through the lungs and gastrointestinal tract or through the damaged skin. Hydrogen selenide is a gas that smells worse and is probably more toxic than hydrogen sulphide, but its occurrence in industry is rare and its pervading smell usually gives ample warning of its presence. The only other dangerous compound of selenium I have met is selenium oxychloride, which is a straw-coloured vesicant liquid resembling thionyl chloride (or sulphur oxychloride).
In industry it is usually selenium dioxide which is the main problem. It is a light powder, which is formed whenever selenium is boiled in the presence of air, for red fumes are given off which look like red amorphous selenium but, in fact, contain up to 50 per cent, of selenium dioxide.
Medical Conditions
These may be divided into acute local, systemic and possible long-term effects.
Acute Local Effects
1. The sudden inhalation of large quantities of selenium dioxide may produce pulmonary oedema due to the local irritant effect on the alveoli in the lungs. Oxygen therapy and admission to hospital has been necessary in these cases (Clinton, 1947) .
2. The other acute effects are those where elenium dioxide comes into contact with skin, mils and eyes.
ikin. On the skin it may cause burns or a ;eneralized. dermatitis.
Burns
These are rarely severe and, if properly treated, heal without a scar. All burns should be thoroughly washed for at least five minutes in a 10 per cent, solution of sodium' thiosulphate in water. The rationale of this treatment is that the colourless irritating selenium dioxide is immediately reduced to the harmless and painless red selenium. (The idea of using sodium thiosulphate in this way was given to me by Dr. Gwynne Morgan, Chief Medical Officer at the Mond Nickel Company.) After this initial washing, a cream containing 10 per cent, sodium thiosulphate should be applied.
Dermatitis
This usually starts at the points of contact of the dust with the wrist or neck and may extend to contiguous areas of the arms, face and upper portion of the trunk. It usually consists of discrete, red, itchy papules which may become confluent on the wrist where selenium dioxide is liable to penetrate between the glove and sleeve of the overall. I have seen a case where it has taken a circinate form with slightly yellow centres.
Vails. I have not seen the painful paronychia reported by Pringle (1942) , but I have seen many :ases of excruciatingly painful nail beds due to ;elenium dioxide penetrating under the free edge >f the nails. We find that the best treatment is o cut the nail and serub in soapy water for five ninutes. Then, using an orange stick, introduce he sodium thiosulphate cream under the nail. This usually completely relieves the pain.
Eyes. If selenium dioxide enters the eyes it should
De immediately washed out with plenty of plain water. This will cause stinging but if dealt with it once conjunctivitis rarely occurs. If a person works in an atmosphere of selenium dioxide dust :hey may develop a condition known among the workers as " rose eye". This is a pink dis-:olouration of the skin of the eyelids, which often become puffy. There is usually also a conjunctivitis of the palpebral conjunctiva but rarely of the bulbar conjunctiva. The stinging which is present is rapidly relieved by applying the 10 per cent, thiosulphate ointment. These eyes usually take two or three weeks to clear and, during the itching stage which follows, antihistamine ointments are very useful. Some people, particularly the fair-haired workers, after continuous or repeated exposure, appear to become allergic to selenium dioxide. Their eyes puff up whenever they enter rooms where others can work without ill-effect.
Systemic Effects
1. The first and most characteristic sign of selenium absorption is a garlic odour of the breath. This is usually first noticed by a man's wife or the girl's boy friend, and if the worker is not taken away from the selenium, or protected from it, it gradually becomes more and more intense. This odour has been relied upon in industry as an indication of definite selenium absorption. Workers have been transferred to another job on this sign alone and allowed back to selenium working when their breath is clear again. It will be one of our main objects to find out how reliable a sign this is and whether it is related to the level of selenium in the urine. What is this garlic odour ? Some say that it is due to the tellurium present as an impurity in the selenium ; for tellurium gives an identical odour in the breath except that it is much stronger and longer-lasting (Steinberg et al., 1942) . Also, tellurium occurs with the selenium in the copper refining sludges.
Others say that the odour is dimethyl selenium. This is the most likely answer, for two reasons. First, methylation in the liver is a common method of detoxication in the human body; and secondly, breaths due to selenium clear much more rapidly than those due to tellurium. With selenium it usually is a matter of days, but with tellurium a question of months.
2. A more subtle and earlier sign than the garlic odour is a metallic taste in the mouth. It is less dramatic and is often overlooked by the workers.
3. The other systemic effects are impossible to evaluate accurately and are not specific to selenium. They are pallor, lassitude, irritability, vague gastro-intestinal symptoms and giddiness.
All these systematic effects mentioned so far clear dramatically if the person is removed from, or protected against, contact with selenium dioxide.
Possible Long-term Effects
In man, although pallor and giddiness occur, the haemopoietic and nervous systems appear to escape completely, as do the liver and kidneys. One must, however, keep a sharp look-out for liver or renal damage, for in animals the liver and kidneys bear the brunt of selenium absorption (Moxon and Rhian, 1943) .
Protection of the Workers
The first stage is at the pre-employment examination, where I exclude all persons found to have:-1. Indigestion or previous history of peptic ulceration, 2. Skin trouble, 3. Lung disease, 4. Arthritis, 5. Kidney disease, 6. Liver disease, including attacks of jaundice, 7. A fair skin.
Protective Measures
The object of all preventive measures is to keep an irritant and soluble dust away from the skin, eyes, lungs and stomach of the worker. The principles are the same as for similar industrial hazards, that is to say :-1. Good ventilation and extraction of at least 100ft. per minute past all workers handling selenium dioxide, 2. Provision of cotton gloves, overalls, perspex goggles and gauze masks, together with positive air pressure helmets in operations where good extraction is-impossible, such as cleaning the ventilation ducts themselves, 3. Prohibition of smoking, eating and drinking in the workrooms, 4. Provision of messrooms, showers and locker rooms away from the selenium buildings, 5. Installation of as much remote and mechanical handling equipment as possible.
Medical Supervision of Workers at Risk
What criteria have we ? There are only three : first, the general condition of the workers which is very important but difficult to assess accurately ; secondly, the garlic odour in the breath which is a very useful indicator ; and lastly, the selenium content of the urine. For this latter estimation the firm has set up a trace elements laboratory.
Here we have worked on three methods for estimating selenium in the urine. The most reliable has an end-point using thiosulphate, starch and iodine (Wernimont and Hopkinson, 1940) . It is, however, not as sensitive as the method (Robinson et al., 1943) which has an end-point consisting of a suspension of the pink precipitate of selenium read against standard solutions on a colorimeter; this method is more sensitive, but not generally accepted. The third method gives a blue colour with codeine as an end-point, but we have found this method too unreliable (Klein, 1941) .
In this trace elements laboratory we shall also estimate selenium in the soil and vegetation around the works and selenium in the flues and in the atmosphere of the workrooms, where the maximum allowable concentration as laid down by the American Conference of Governmental Industrial Hygienists in April of this year remains at 01 mgm. of selenium per cubic metre for an eight-hour day (1954) . Other elements which must be kept down to this low concentration are cadmium, chromates, fluorine, mercury, yellow phosphorus, stibine and tellurium.
Conclusion
Why, if selenium rarely causes serious disease or death, are we at Chippenham so^eriously concerned with it? It is because it causes acute discomfort, social inconvenience and, in those absorbing more than they excrete, a definite substandard of health.
